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Zfie s h e  reduction of coal i s  of considerable i n t e r e s t ,  both fundamentally 
and comerda l ly ,  because it makes a larger  surface area available f o r  chemical re- 
action. Also,  several potent ia l  coal processes a re  limited, direct ly  o r  indirectly, 
by t he  abrasiveness of coal o r  coal  ash part ic les  moving a t  high velocit ies.  For 
-le, blades i n  a coal-burning gas turbine would probably be subject t o  less  wear 
whenever agglomeration of the  ash from micron s ize  coal is avoided during cambustion. 
Many new uses f o r  coal can be envisioned if micron-size coal can be pmduced econ- 
C a n l C a l l S .  

m e  irradiation of coal vlth gamma m s  has been reported (3) to  resul t  i n  
considerable particle s i ze  reduction. 
have been made vlthout the investigators noticing any significant par t ic le  s ize  re- 
duction, although the  effect  of i r radiat ion on par t ic le  s ize  was not closely m- 
ined. 

On the other hand, many coal irradiations 

Because of the possible economic significance w i t h  respect t o  the s ize  re- 
duction of coal, the  wlreau of Mines began work at  the  Morgantuan Coal Research 
Center to determine the magnitude of this effect. 

Since a considerable number of variables could affect the  s ize  rednction 
of coal par t ic les ,  a qualitative survey was made first on reIatively small samples 
irradiated a t  lov flux. After successive irradiations gave negative results, quan- 
t i t a t i v e  t e s t s  were later made on larger samples irradiated at higher flux. 

I r radiat ion of 9nall Simples at Low Flux. Coals irradiated a t  low flux 
included lignite, from the  Lehigh bed, Stark County, El. D.; subbituminous B coal, 
frm the AdavSUe No. 1 bed, Elk01 me, Wyoming; high-volatile C bituminous coal 
from the  lo .  2 bed, Wilmington Mine, northern Illinois; strongly coking high-volatile 
A bituminous coal f m  the  Sewickley bed, Bunker Mine, MonongKUa Countr, W. Va.; 
anthracite, from the  middle b q c h  of the Bottom Ross S e a ,  Glen Alden Mine, Wilkes- 
Barre, Pa.; and an unidentified coking-type bitminous coal. 

mese coals were i r radiated a t  the  Efadcell Facil i ty,  Oak Ridge Ins t i tu te  
of Nuclear Studies, Oak Ridge, ~ e n n .  Approximately 6-gram samples of each of the  
f i r s t  f i ve  coals were sized and i-diated, with and without predrying, f o r  various 
periods of 'time. Also, s e v e r a l  size-ranges of one coal, the  subbituminous B, e r e  - 

irradiated. Ihe sixth coal, the  unidentuied coking-type bituminous coal, was irra- 
diated in lump form of l / b to - l - inch  pieces. A l l  samples were placed i n  stoppered 
glass v la ls  and irradiated vith a C0-60 source a t  an hourly &amms dose rate of about 
2 x 107 ergs per g ~ a m  (reference to carbon). (One erg per gram equals O . O U 4  
roentgen.) 
quali tative effects  were being detenained, no par t icular  care was taken i n  s a p l i n g  

U n t r e a t e d  samples of each were retained fo r  comparison. Since 00 

each l o t .  

?be ps r t i c l e  s izes  of the  irradiated and untreated coal samples were 
determined by the ~ a l o - ~ r a v i s  sedimentation method (4). 
15 microns for comparing the s i ze  distributions of similar samples. 

%is method is accurate to 
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Results of the quali tative tests are shown in TBble 1. Be variables in 
this table a re  (a) ranks of coal from l ign i te  t o  anthracite; (b) sizes from lumps t o  
200-230 nesh particles;  (c) dried and Undried cod; and (a) radiation exposure times 
of 2 hours to  io dags.  In no case nas there any evidence of a significant reduction 
i n  the size of the coal particles.  
the difficultg of handling srmall samples of powdered coal without segregation of 
Sizes. 
v i th in  the accuracy of the size-detennination nethod. 
diated in lnmp form was examined under a microscope but there was no visible evidence 
Of ang. physical change. 

B e r e  i s  some random sca t te r  of data because of 

However, the difference in s ize  of the irradiated and untreated coal fell 
The coal that had been ifia- 

Irradiation of Large Samples a t  High Flux. Since the preliminary investi- 

In this mrk, re lat ively large amounts o f  
gation failed to  rev& any def in i t e  indication of par t ic le  s i ze  reduction, a quan- 
t i t a t i ve  investigation was undertaken. 
coal m e  irradiated a t  very hi& flux levels and the particle-size distributions of 
the product were determined by severa l  methods. 

lhree pounds each of l ign i te  from the 
Lehigh bed, Stark County, B. D.,  and hi&-volatile C bituminous coal f'rcnu the Rock 
Springs bed in Wyoming yere irradiated in separate alloy-steel  cylinders. 'Ihe im- 
diations were performed at  the National Reactor Testing Station, Idaho Falls, Idaho, 
w i t h  spent MTR fue l  assemblies as sources of hi@-intensity gama radiation (1). 

Esch sample of coal was pulverized and screened t h e e  times on a Rotap 
shaker by the A.S.T.M. method t o  insure that the sample was r l thin the s ize  range 
specified---ndnus 200 - 230-mesh U. S. S t a n d a d  Sieve Series. A small sample of 
minus 90 - plus 120-mesh Ilgnite vas also prepared. After sizing, each coal vas 
csrefullg mixed and quartered into duplicate samples, s e p a r a t e l y  mapped and placed 
in identical  cylinders. ?he duplicate saqles were prepared so tha t  the Frrsdiated 
coal could be compared w i t h  untreated c o a l  that had received the s8me preparation 
and m n g  procedure. Each cyl inder vas evacuated, purged three t-es w i t h  hell- 
and evacuated for 3 days  to an absolute pressure o f  180 microns of mercury. 
m a  then admitted into each cylinder un t i l  a gage pressure of 2 inches of mercury v88 
attained. 

3 x ld ergs per gram per hour. 
follows: 

High vola t i le  C 
Lignite -200 + 230 mesh 5 d i t to  
Lignite -9o i12011~sh  6 d i t to  

Sample Preparation and Irradiation. 

H e l i u m  

'Ifre cylinders were then sealed. 

The cylinders were irradiated for 308 hours at a flux &e of about 
The average total. dosage of each sample was as 

-200 + 230 mesh 7 x do ergs g-l(e) 

Methods of Size  Analysis and Results. ?he irxadiated and untreated coals 
were analyzed f o r  particle-size distribution to  detexmine any changes i n  size be- 
cause of irradiation. Since there is no widely accepted method of s ize  analysis of 
coal, the sizes of the  irradiated and untreated coal were determined in several  dif- 
ferent nays. These included the Falo-TraHs sedimentation method, a standard sieve 
W s i s  us- a Rohp shaker, a microscopic method of direct counting, and the 
muter  m & d  of snalysis. 

. Flgure 1 shows typical particle-size distribution cun7e6 for duplicate 
tests of irradiated and untreated samples of the high vola t i le  C bitrmrinoas coal. 
Bese curves were obtained 
mined fm the  integrated area belaw these curves, 'he average particle sizes of the 
j,fiadiated and untreated coals were 70 and 74 microns, respectively. 
ence in size i s  not siipificant;. Even if irradiation reduced the  s ize  of a small 
amount of the particles,  the c m e  would "tail-offN mch more in the  direction of 
the e e r  par t ic le  sizes. 
ifiadiated and untreated samples are remarkshu similar. 

the ~ a l o - ' p a v l s  sedbentation methorf (4). AQ deter- 

'Ibis differ-  

As can be seen, however, the s ize  distributions of the 



T4,BJ.Z 1. - Results of I r radiat ing shnill Samples of Pulverized coal 

~ 

Or ig ina l .  s ize  Average s i zeby  
range, U. S. Exposure sedimentation 

m e  o f  coal stan- sieve Y time, sass method, microns 

Lignite, rmtreeted 
L i g n i t e  
Lignite 
Lignite, dried 

Subbituminous By untreated 
Subbitwninous B 
S t b b i t h m s  Bj dried 

Subbituminous Bj untreated 
Subbltmninous B 
Subbituminous By dried 

Subbituminous By untreated 
Subbituminous B 
Subbituminous B 
Subbitrrminous B 

High vola t i le  A, untreated 
High vo la t i l e  A 
High vo la t i l e  A 
High vo la t i l e  A, dried 

High vo la t i l e  C, untreated 
Hi& vola t i le  C 
High vo la t i l e  C 
High vo la t i l e  Cy Wed 

Anthracite, untreated 
Anthracite 
Anthracite 
Anthracite, dried 

Coking bituminous 

-90 + 120 
-go + 120 
-go + E O  
-go + I20 
- & +  45 
-40 + 45 
-40 + .45 
-go + 120 
-90 + EO 
-go + 120 
-200 + 230 
-200 + 230 
-200 + 230 
-200 + 230 
-90 + m 
-go + 120 
-go + 120 
-go + E O  

-200 + 230 
-200 + 230 
-200 + 230 
-200 + 230 

-go + 120 
-go + 120 
-go + E O  
-90 + EO 

lDmrp 

0 
1 
3 
1 

0 
3 
1 

0 
3 
1 

0 
2 hrs. 
10 
1 

0 
1 
3 
1 

0 '  
1 
3 
1 

0 
1 
3 
1 

10 

2 Various coal types of t h e  same original size-range may d i f f e r  i n  average s ize  

Probably i n  error; test could not be repeated owing to  insuff ic ient  sample. 
(shovn i n  column 4) because of different  methods of screening. 



73.  
!The s a e  equipaent used to s i ze  the originsr coal YBS used to  make sieve 

'Ihe results are shown i n  Table 2. analyses of the  irradiated and antreated coals. 
BO significant particle-size reduction is apparent. 

We of coal 
EUgh volati le C 

Irradiated 
Untreated 

Irradiated 
Untreated 

Lignite 

Lignite 
Irradiated 
Untreated. 

'l!RRG3 2. - Size analysis of irradiated and untreated c o a h  sedimentation and 
sieve methods 

Average s i ze  by sedimentation 
'method, microns 

70 
74 

99 
99 

167 
... 166 

miCrOnS Irradiated I Untreated 
0-2 75-90 59-82 
2-5 21.84 36.42 
5-10 70 .82 
10-20 .ll .14 
20-40 -40 .42 
40-60 2.10 1.63 
60-80 .81 .60 
>eo .14 015 

Sieve W s i s  Y - 
~ o o  I -200 + 230 1 -230 

I 

Irradiated Untreated 
0.01 0.01 

15 *31 
05 07 
.c6 .10 
1.72 2 -22 
41.46 b.04 
43 79 40.51 
12.76 16.74 

U.6 
7 * 5 :  I 

Particle size, 

1 
I 0.8. I 
-size. 

87.4 1 11.8 
.5 85.5 I 14.0 

Percentage by count Percent by volume 

A microscope method of s i ze  analysis also was used. In this method, the 
actual number of particles i n  each s i ze  range is counted (2). 
s i ze  analysis of the high volat i le  C bitnminous coal. 
al teration i n  par t ic le  s i ze  due t o  irradiation. 

%le 3 shows a typical 
The results showed there was no 

!UBI33 3. - Size analysis by microscope count method of irradiated and untreated 
h i g h  volat i le  C bituminous coal 

Irradiation of Bituminous Coals of the Same Rank. Although irradiation of 
coals of different rank did not reveal. any indication of significant s i ze  reduction, 
the possibil i ty remained tha t  same other coal within the same rank might b e  affected 
by irradiation. 
of irradiation was a high-volatile C bituminous coal from the Kenilvorth seam i n  Utah. 
&cordingly, samples of the Kenilvorth coal and tm other bitminous coals of the sane 
class---a low-volatile bituminous coal. from the Pocahontas Do. 3 bed, W. Qa., and a 
high-volatile A bituminous c o a l  fmm the Pittsburgh seam, Ezuceton, Pa., ---=re pre- 
pared and irradiated at the National Reactor %sting Station as described previoaglg. 

The coal previously reported t o  have been reduced i n  size by means 
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%e average t o t a l  gmma dose e v e n  ca~h coal YSS 5 x loLu srgs per gram (reference 
to carbon). FoU&ng i r radiat ion the Size of each Irradiated coal vas detenuined 
by each of the fmr methods previously used. 
of s ize  reduction. 

I n  no case was there any indication 

A f i f t h  method of s i z e  CampariSOn vas made w i t h  the  Kenilwrth coal. 
of the irradiated and untreated K e n i l v o r t h  coal was returned to the supplying or&- 
zation, the Denver and Rio Grande Western Railmad Company. 
the twD samples by photographing the coals w i t h  an electron microscope at  a magnifi- 
cation of 50. 
untreated Kenilvorth coal. 
par t ic le  size. 

This company campared 

Figure 3 shovs the electron photomicrographs of the Frrrsdiated and 
The photcnnicroipaphs do uot reveal. any difference i n  

MSCUSSICEi 

%e t e s t s  conducted by the Bureau of Mines show that irradiating coal with 
mrs due t o  segregation and gamma rays  does not change the  s i z e  of the  particles. 

sampling of pulverized coal may canse apparent effects that miat easily be attributed 
to irradiation effects. Casual inspection of the  data i n  llable 1, for instance, might 
lead t o  a conclusion that irradiation slietly altered the-s ize  of anthracite. Subse- 
quent irradiations with careful sampling, hovever, showed there was actually no signi- 
f ican t  change i n  par t ic le  size. 

Several c o d  i r radiated with neutrons were v isn~al ly  M e t e d  and rwealed 
no apparent change in size, but the induced radioactivity of the ash in the  coal pre- 
cluded mie detailed exanbation. 

An attempt was made t o  measure the  increase i n  hardness of irradiated coals 
by detelrmining the difference in grindability. S m d l  samples of irradiated and un- 
treated coal were ground in a b a l l  mill for equal periods of time and the s ize  dis- 
tribution of each coal compared. Ibe accnracy of this method vas q d + e  pobr, repro- 
ducibil i ty of the method being about 10 percent. 
vas no significant difference between grlndabiuty of &anrma irradiated and untreated 
coal. 
increase i n  grindability must be less than 10 percent. 

Vithin these vide l imits,  there 

The results suggest that i f  i r radiat ion increases the hardness of coal, the 

We wish to  thank James L. DnchesQ formerly w i t h  the  Morgantown coal 
Research Center, now chanicd. engineer, Mobay Corp., Nat &rtinsvll le,  W. Pa., for 
the c s r e f u l  preparation and s ize  anslysis of most of these coals; the oak Ridge 
Institute of Nuclear Studies and the National Reactor Testing Station f o r  use of 
the i r  i r radiat ion fac i l i t i es ;  and Ray McBrian, Director of Research, Denver and 
Rio Grande Western -mad Company, for supplying samples and electron photcrmicro- 
graphs of the  Kenilmrth coal. 
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